Health-related quality of life (HRQoL) is a key measure for evaluating health status in populations. Using the recent EQ-5D-5L for measurement, this study analyzed quality of life results and their stability over consecutive population surveys. Three cross-section surveys for representative samples of the general German population from 2012, 2013, and 2014 were evaluated using the EQ-5D-5L descriptive system and valuation by the Visual Analog Scale (VAS). Aggregated sample size reached 6074. The dimension with the highest prevalence of problems was pain/discomfort (31.7%). Compared with 2012 (59.3%), the percentage of participants in the best health state increased slightly in 2013 (63.4%) and 2014 (62%). Over the 3-year period, diabetes and heart disease had the strongest negative influence on mean VAS result. The number of reported chronic diseases cumulatively reduced mean VAS. Extreme problems in one or more dimensions were stated by only 0.1%-0.2% of patients. Of the potential 247 health states with a problem score ě20, only six were observed in the aggregated sample. HRQoL results were fairly stable over the 3 years, but the share of the population with no problems was not. Results from the aggregated sample may serve as updated reference values for the general German population.
Introduction
Health-related quality of life (HRQoL) is one key measure for the effectiveness and cost-effectiveness of healthcare interventions. HRQoL can be measured by different instruments including the EuroQol five-dimension questionnaire (EQ-5D) [1] . The EQ-5D is a well-accepted and widely used measure. Its use, quantified by PubMed search results, has steadily increased on a year by year basis since 1992 [2] . The EQ-5D is one of the psychometric approaches and is a descriptive generic instrument. It consists of five dimensions (mobility, self-care, usual activity, pain/discomfort, anxiety/depression) and a visual analog scale (VAS). The VAS is a continuous response scale that ranges from 0 (worst state) to 100 (best state). Responders rate their current health state by selecting a point on this scale. The 3L version of the EQ-5D includes three answer levels for each of the five dimensions, ranging from no problems (1) to some problems (2) to extreme problems (3) . The newer 5L version incorporates five answer levels (1) (2) (3) (4) (5) , with additional slight as well as severe problem categories, and was introduced in 2011 [3] . The best health state is depicted by 11111 and the worst 2 of 12 by 55555. The advantages of the EQ-5D-5L compared with 3L include reduced ceiling effects [4, 5] , increased level of detail [6] , and more discriminatory power while establishing convergent groups and their respective validity [7, 8] . The responses for each dimension deliver a profile, which is then valued by VAS, but VAS results are also usually reported when no valuation is done. Alternatively, a population-based value set may be used. Examples of derived and well-accepted value sets that generate utilities by time trade-off valuation of given health states for the 3L version include those by Dolan 1997 [9] for the UK or Greiner et al. 2005 [10] for Germany; other value set concepts are based on experienced health such as those for Sweden [11] and Germany [12] ; value sets for the 5L version are under development [13] and currently only available for England, Japan, Canada, and Uruguay [14] . This study only considers the VAS valuation of their own health state by respondents, thus establishing their perspective on quality of life.
Longitudinal data are harder to obtain but also have certain disadvantages over cross-sectional data, including correlation of observations among one individual. Thus, they require sophisticated handling [15] . Typically [16] , general population surveys using the EQ-5D are conducted as single cross-sectional surveys and are eventually repeated after several years. Using single-year samples usually assumes stability of the results found and, for many survey parameters, sample sizes ensure this assumption in well-designed studies. Empirically, however, temporal stability of the results of such cross-sectional studies has hardly been investigated. Focusing on this research gap, the aim of the study is to analyze the results of three EQ-5D-5L surveys conducted in 2012, 2013, and 2014 by focusing especially on variation in results of health state descriptions and valuations, including the role of sociodemographic parameters and one important determinant of HRQoL, chronic diseases [17, 18] . Results are compared with previous surveys using the 3L version, and may lead to updated reference values of the 5L version for the general German population.
Methods

Data Sampling
Quality of life measured by the EQ-5D is an add-on component to a yearly survey of the general German population that is conducted by the IFAK research institute on behalf of the Wort & Bild Verlag. Results from earlier add-on studies using the EQ-5D-3L have been published elsewhere [12, 18, 19] . The Wort & Bild survey uses a random-route procedure to randomly select a sample of the German population aged 14 years and older. The sampling system contained over 53,000 sample points with a minimum of 350 households per point. On average, the sample points included 700 households. The sample points were layered according to region and the Germany specific BIK code, a geographic and demographic classification system. To achieve representability 516 sample points were randomly chosen from these layers. The interviewers were equipped with a starting address in these sample points and had to follow randomly chosen routing information. They were instructed to ask for participation at every fifth household on this route, until five surveys were completed. Household members were selected based on a Kish selection grid, and were asked for consent to take part in the survey. Response rates were high at 72.6% in 2012, 71.8% in 2013, and 70.3% in 2014. The main reason for non-responsiveness was the absence of household members. Over 2000 surveys were completed each year. The survey data, collected in 2012, 2013, and 2014, were quite representative of the German population (see supplementary Table S1 ). Thus, weights were not applied for the purpose of this study. Sociodemographic parameters, health status, and distribution-based data were also extracted for this add-on study. Disease affliction is based on open-ended self-report; participants stated which diseases they suffered from during the last 3 months and whether these were chronic. Only the five most prevalent diseases in the total sample were evaluated for the purpose of this study.
Data Analysis
Descriptive methods were used to analyze the majority of data. Chi-square tests were used to evaluate frequency differences between survey years. Analysis of variance (ANOVA) was used to determine estimators for VAS reduction stratified by disease. All analyses, including problem score evaluation, are based on the statistical software package SAS 9.3 (SAS Institute Inc., Cary, NC, USA). Figures were created by using the package ggplot2 [20] , version 2.0.0 (Hadley Wickham), for the software environment R [21] , version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria). Table 1 shows the basic characteristics of the three evaluated samples. EQ-5D-5L data were available for 6074 people (2012: 2045; 2013: 2028; 2014: 2001) , who were included in the analysis. In total, 52.9% of the participants were female. The average age was 47.1 years. The participants from 2013 (45.9 years mean age) were about 1.5 years younger than the participants from 2012 and 2013, which is indicated by fewer people in the age groups from 60 years onward. The number of people living alone stayed nearly the same, and a slight shift toward better education could be observed. The number of people with low education (high school with and without apprenticeship) decreased, whereas the number of people with medium (middle school) and high education (grammar school with and without university attendance) increased slightly. Missing education or living status data did not exclude participants from further analysis regarding HRQoL. 
Results
Study Sample
EQ-5D Distribution
EQ-5D-5L-related answer frequencies based on dimension are depicted in Table 2 . The dimension with the least reported problems was self-care, followed by usual activity and anxiety/depression as well as mobility. In contrast, a high proportion or around one third of participants experienced problems with pain/discomfort. The chi-square test for statistical differences among the 3 years yielded a significant p-value (p = 0.04) only for pain/discomfort. The participants from 2013 and 2014 suffered from significantly fewer problems in this dimension. 
Problem Score Data
The problem score (Table 3) aggregates the manifestations of each dimension by adding up the five answer levels into one number. In total, 3125 health states are possible for the EQ-5D-5L, but only 265 different health states were observed in our samples. An increasing problem score correlated with a decreasing number of actual observations. The problem scores ď12 cover around 97% of participants, whereas the number of possible health states increases up to problem score 15. The number of realized different health states peaked at problem score 10. Calculating the overall p-value (chi-square test) for the influence of year on problem score delivered no significant result (p = 0.2165). 
Most Prevalent Health States
A majority of 61.6% stated that they had no problems (11111) in all five dimensions of the EQ-5D (Table 4 ). This manifestation was strongest-probably because of mean age difference-in 2013 at 63.4% and lowest in 2012 at 59.3%. The 11111 state is followed by 8.3% of participants reporting slight problems in the pain/discomfort dimension (11121) and 4.1% reporting slight problems in the anxiety/depression dimension (11112). The 11121 state dropped 0.7 percentage points from 2012 to 2014. At the same time, the 11112 state increased 1.3 percentage points from 2012 to 2014. However, the only significant differences between the 3 years were seen for the optimal health state and 11122 (slight problems with pain/discomfort and anxiety/depression). Figure 1 illustrates the percental decline over age groups in the share of respondents not reporting any problem. While around 90% of adolescents state to be in the optimal health state, only around 8% do so in the age group 80+. problems in the anxiety/depression dimension (11112). The 11121 state dropped 0.7 percentage points from 2012 to 2014. At the same time, the 11112 state increased 1.3 percentage points from 2012 to 2014. However, the only significant differences between the 3 years were seen for the optimal health state and 11122 (slight problems with pain/discomfort and anxiety/depression). Figure 1 illustrates the percental decline over age groups in the share of respondents not reporting any problem. While around 90% of adolescents state to be in the optimal health state, only around 8% do so in the age group 80+. Percentage in parentheses; * p < 0.05, chi-square test for statistically significant differences among all 3 years. Coding of health states: 1 = no problem; 2 = slight problems; 3 = some problems; 4 = severe problems; 5 = extreme problems. 1st digit: mobility; 2nd digit: self-care; 3rd digit: usual activities; 4th digit: pain/discomfort; 5th digit: anxiety/depression. 
VAS
Figure 2 illustrates VAS means stratified by whether or not any problem was reported in the five descriptive dimensions of the EQ-5D. "No problem" refers to all 3739 participants with a score of 11111 and scores >11111 are referred to as "at least one problem reported". Participants with no problem had a mean VAS score of 91.86. "Irrespective of problem" depicts the whole sample of 6074 participants. The VAS mean for all participants was 84.3 (women: 83.1; men: 85.7). It should be noted that EQ-5D scores do not imply the presence or absence of self-reported disease; they only measure the perception of health on the day of the survey. The reported VAS values become smaller with increasing age. Significant divergence is present for people with problems and those without. From age groups 10-19 to 70-79 years, the difference between both groups amounts to around 20 points. Figure 2 illustrates VAS means stratified by whether or not any problem was reported in the five descriptive dimensions of the EQ-5D. "No problem" refers to all 3739 participants with a score of 11111 and scores >11111 are referred to as "at least one problem reported". Participants with no problem had a mean VAS score of 91.86. "Irrespective of problem" depicts the whole sample of 6074 participants. The VAS mean for all participants was 84.3 (women: 83.1; men: 85.7). It should be noted that EQ-5D scores do not imply the presence or absence of self-reported disease; they only measure the perception of health on the day of the survey. The reported VAS values become smaller with increasing age. Significant divergence is present for people with problems and those without. From age groups 10-19 to 70-79 years, the difference between both groups amounts to around 20 points. From age group 70-79 to 80+ years, a big decrease of around 10 points is observed for the problem group, whereas the group without problems deteriorates only by around 2.5 points. This resembles a rapid and significant worsening of the average respondent's perception of their health status after age 75. The number of people with no problems (n = 3739) decreases continuously. In the age group 80+ years, fewer than 10% report no problems. Compared with men, women tend to have slightly lower VAS means from age groups 20-75 years and slightly higher means from around 75 years onward (not shown). The differences in the decrease in HRQoL between all three surveys and respective age groups are significant (p = 0.0072). Detailed results are available from the authors.
VAS values by age and sex group for the aggregated sample are reported in supplementary  Table S2 and may be used as reference values. VAS means based on age group, stratified by optimal and non-optimal health state, aggregated sample. No problem reported shows the average VAS score for the subsample of participants with a descriptive score of 11111 (n = 3739). At least one problem reported refers to the subsample of remaining participants with at least one dimension score >1 (n = 2335). Irrespective of problem depicts the whole sample (n = 6074).
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Disease Affliction and Influence on HRQoL
Besides reporting problems in the EQ-5D dimensions participants were also asked to state their current chronic diseases. Compared with 2012 and 2014, participants from 2013 reported the lowest percentage of disease affliction, except for rheumatism at 1.6% in 2013 and 2014 (Table 5 ). This is likely to be rooted in the fact that the average age in the sample from 2013 was lower than in the other two samples. Overall, 4.4% stated that they suffered from musculoskeletal disease, 6.1% from hypertension, 3.2% from diabetes, 1.9% from heart disease, and 1.5% from rheumatism. From the total sample, only a minority of around 14% stated to suffer from at least one of these diseases.
Chi-square tests were used to determine statistically significant differences for the evaluated parameters in Table 5 across survey years, but none were found. VAS means based on age group, stratified by optimal and non-optimal health state, aggregated sample. No problem reported shows the average VAS score for the subsample of participants with a descriptive score of 11111 (n = 3739). At least one problem reported refers to the subsample of remaining participants with at least one dimension score >1 (n = 2335). Irrespective of problem depicts the whole sample (n = 6074).
Chi-square tests were used to determine statistically significant differences for the evaluated parameters in Table 5 across survey years, but none were found. Thus, we evaluated the influence of diseases on HRQoL by aggregated sample. Figure 3 depicts the average reduction in VAS values (based on ANOVA) when disease is present. From a quantitative perspective, the presence of two diseases has a stronger negative influence on VAS mean than any of the single diseases. Due to the low number of observations for three and four diseases, the confidence intervals are very wide. Group affiliation (yes/no) was the only classification variable in this model. The widths of the 95% confidence intervals corresponded to the prevalence of the observed parameter. The higher the prevalence, the smaller the confidence interval. The VAS mean for having no chronic disease was 87.1 compared with 84.3 for the whole sample. Diabetes had the strongest negative influence on mean VAS value and led to a mean reduction of around 24.4 points. Of the five evaluated diseases, musculoskeletal disease had the lowest delta of around´16.8. The differences for the reduction in VAS means by disease, between years, were not significant (not shown, detailed results available from the authors). The reductions seem clinically relevant as they all exceed the minimal important differences that were identified for the EQ-5D in patients with back pain, early rheumatoid arthritis, or myocardial infarction [22] . Thus, we evaluated the influence of diseases on HRQoL by aggregated sample. Figure 3 depicts the average reduction in VAS values (based on ANOVA) when disease is present. From a quantitative perspective, the presence of two diseases has a stronger negative influence on VAS mean than any of the single diseases. Due to the low number of observations for three and four diseases, the confidence intervals are very wide. Group affiliation (yes/no) was the only classification variable in this model. The widths of the 95% confidence intervals corresponded to the prevalence of the observed parameter. The higher the prevalence, the smaller the confidence interval. The VAS mean for having no chronic disease was 87.1 compared with 84.3 for the whole sample. Diabetes had the strongest negative influence on mean VAS value and led to a mean reduction of around 24.4 points. Of the five evaluated diseases, musculoskeletal disease had the lowest delta of around −16.8. The differences for the reduction in VAS means by disease, between years, were not significant (not shown, detailed results available from the authors). The reductions seem clinically relevant as they all exceed the minimal important differences that were identified for the EQ-5D in patients with back pain, early rheumatoid arthritis, or myocardial infarction [22] . 
Discussion
We found that the percentage of people in the optimal health state increased from 59.3% in 2012 to 63.4% and 62% in 2013 and 2014 respectively. This variation over all 3 years was significant (p < 0.02), but may be linked to the variation in sociodemographic data across the samples. To confirm this possible trend toward better health, more EQ-5D-5L data and especially follow-up evaluations are needed in future. Our results indicate that the survey approach, including the random-route selection process, is not suitable to deliver sufficient data for participants with extreme problems. It became apparent that sample sizes of 2000 participants, if selected by random-route procedures as in this study, are sufficient to analyze EQ-5D-5L data for problem scores ranging from 1 to 10 or even 15 but lack sufficient observations for higher scores. Only 0.1%-0.2% of participants used answer level 5. Severely ill people may not be able to participate in the questionnaire, may decline to participate, or may be absent from home. Research is needed to evaluate EQ-5D-5L in clinical patient populations with severe and extreme problems. Of the potential 247 health states with a problem score ě20 in the 5L, only six were observed in this total sample of 6074 people. In order to increase inclusion of participants with extreme health problems, extension or supplements to the current sampling procedure may have to be considered. It becomes clear that the increased discriminatory power of the EQ-5D-5L may, at the same time, have drawbacks including lower numbers of extreme health states being observed. This problem increases in relevance when samples from the general population are used and selection bias toward the omission of severely ill participants is not accounted for.
Slight problems with pain/discomfort were reported less often, whereas slight problems with anxiety/depression increased over the 3-year period. However, the differences among all 3 years were not significant. In line with previous and other studies [18, 23] , pain/discomfort is the dimension with most problems.
Despite an optimal health state, VAS values deteriorated continuously from 97.8 in the age group 10-19 years to 81.4 in the age group ě80 years. One explanation for this discrepancy are differences in HRQoL coverage of VAS and the five dimensions of the EQ-5D. The daily activities of an 80 year old, to a very high probability, are not the same as the daily activities of someone in his/her 40 s. These participants likely adapted their activities to their bodily constitutions. Therefore, the 80 year old's ability to fulfill all current daily activities may still constitute "no problems", while his/her overall fitness has actually depreciated over time. Owing to its dimension-free character, the VAS can pick up dimension-unspecific elements of HRQoL status.
Overall variation in results for health state descriptions and valuations, including sociodemographic parameters and chronic diseases, across the three surveys was low. Concerning underlying socioeconomic variables, we observed a trend toward a higher level of medium and high education (p < 0.002), but it could not be determined to what degree, or if at all, this was caused by lowered entry barriers and reduced standards for medium and high education.
Morbidity
Our results for the prevalence of diseases-qualitative and quantitative-were statistically not significantly different among the three surveys. Of the five diseases under evaluation, hypertension had the highest prevalence with 6.1%. This is in sharp contrast to Balijepalli et al. [24] , who stated that 54.8% of adult primary care attendees suffer from high blood pressure. The primary care setting may be too restrictive. From a nationwide perspective Neuhauser et al. [25] conclude that between 2008 and 2011 around one third of the adult German population (age 18 to 79) had high blood pressure. This discrepancy may partly be rooted in age differences as our study included respondents from 14 years on, and, compared with the German population, has relatively low shares of respondents aged 80 years and older who are likely to suffer from some chronic disease. Furthermore, it is known that the prevalence of hypertension is underestimated by self-report for the disease [26] . Our results for the prevalence of Rheumatism and Diabetes differ, too. 1.6% of our participants claim to have rheumatism, while the actual prevalence seems to be around 2.5% [27] . The actual prevalence of diabetes is around 7% [28] , while our surveys include 3.2% of participants who claim to suffer from diabetes. Thus, we would highly recommend clinical testing for evaluating respective disease prevalence. More importantly, we found out that the number of diseases cumulatively reduce VAS means. The presence of two diseases has a stronger influence on VAS mean reduction than any of the most prevalent diseases under evaluation (e.g., diabetes´24.4 vs. presence of two diseaseś 26.9). The reduction of VAS means increases rapidly to´40 for three diseases but the confidence intervals widen due to decreasing number of observations. Compared to Heyworth et al. [29] (UK) the VAS-means stratified by number of diseases mirror each other well (69.4, 63.3, 56.7, 40.7 vs. 66.9, 57.4, 44.3, 37.2 for 1, 2, 3 and 4 diseases respectively). Age and disease differences (asthma, COPD, Diabetes, Hypertension, ischemic heart disease and stroke) may partly explain the remaining divergences. Considering evidence of both studies it can be concluded that multimorbidity leads to patients with special medical needs.
Comparison with Other Studies
A number of baseline variables (aggregated sample) in this study can also be compared with earlier studies using the EQ-5D-3L in yearly population surveys by Wort & Bild Verlag from 2006 to 2011 (n = 11,177) [18] . The gender distribution in these surveys was comparable to our study. Low education decreased from 44.0% (2006-2011) to 39.7% (2012-2014), while medium and high education increased from 56.0% to 60.4% respectively. Fewer people lived with a partner (68.42% vs. 58.6%). The prevalence of disease fell among all categories. The strongest reduction was seen for musculoskeletal disease, which dropped from around 7.2% to 4.4% in our evaluation. Presence of chronic disease fell from 24.5% to 21.6%.
Comparable data for the EQ-5D-3L from 2006 and 2007 showed that the number of observed health states was 49, whereas the maximum number of possible health states was 243 [12] . This resembles a ratio from observed to possible states of around 1:5. The same ratio increased to around 1:12 in our study.
In a representative sample of the general German population of 2011 (n = 2469), Hinz et al. [30] identified 210 distinct health states in the 5L version, about a fifth less than the number of states identified in this study in a sample more than twice as large. Hinz et al. also reported that 47.5% (mean age 50.5 years) of the sample were in the optimal health state, which is lower than in this study but can be partly attributed to the higher mean age. The distribution of VAS values in the same age categories was quite stable, and the decline in VAS values by increasing age [31] resembles the proportions from 2006 [19] . Age-related deterioration in VAS values and health status is seen in other studies [32] [33] [34] for men and women as well as people with problems and those without. Our participants in the best health state showed an average VAS score of 91.9. This score is around 4 points higher than the 88 points in the survey from 2006 [19] . From age group 70-79 to age group 80+ years, a significant decrease in VAS means can be observed for those people who reported problems. Compared with Koenig et al. [35] , who did not differentiate between genders, our current VAS mean of 92.2-95.1 for the age group 20-29 years (n = 842) is significantly higher than their VAS mean of 85.4 for the age group 18-24 years (n = 263). Mielck et al. [19] also reported lower VAS means for the youngest age group as well as overall (80.0 vs. 84.3). VAS means seem to drop to around or below 60 for the highest age group in all three studies. Mielck et al. [19] stated that 60.6% of participants were in the optimal health state (11111), which is slightly less than in our sample (61.6%).
It was difficult to find other consecutive, representative cross-sectional studies for Germany that used the EQ-5D-5L. A recent study by Steiber [36] , incorporating the SF-12, reported that physical fitness decreased and fluid intelligence increased in a representative sample of older people from 2006 to 2012. Although fluid intelligence was not measured in our study, we saw an increase in people with no problems among all dimensions. A small fall was observed for people with no mobility problems from 27.4% (2012) and 27.9% (2013) to 27% (2014). Limitations of this study include possible selection bias found in general population surveys. Clinical populations with severe or extreme problems were not observed. Sufficient data for severe or extreme problems are generally hard to come by using the current selection process. Furthermore, self-reporting of disease included no form of verification. True disease affliction may differ from self-reported answers. Yet, for the part of the general population that can be addressed by surveys, this study delivered useful norm data for three consecutive years. Respective evaluations are rare but are needed to determine the health status of the general German population.
Conclusions
Contrary to assumed stability, a small but significant trend toward better health was observed in three yearly surveys from 2012 to 2014. Remaining variation in results for health state descriptions and valuations, including sociodemographic parameters and chronic diseases, was low. The number of present diseases reduced VAS results cumulatively. The participant selection process, based on a random-route procedure, failed to deliver sufficient data for participants with severe or extreme problems. Given the extended size of the pooled sample, health state valuations identified here may serve as broadly founded reference values for the general German population.
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